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t DAMA activities

Dark M atter

Other searches
new limits on:

* nuclear level excitation of 12°Xe during
CNC processes PLB465(1999)315
* 2b in “°Ca and #6Ca using CaF,(Eu) NPB563(1999)97
* nuclear level excitation of 27l and 2Na during
CNC processes PRC60(1999)065501
* electron stability and non-paulian transitions
in lodine atoms PLB460(1999)235
e 2b* in 196Cd Astr.Phys.10 (1999), 115
» electron decay e ® n_gusing L Xe PRD61(2000)117301
» nucleon and di-nucleon decay into invisible channels PLB493(2000)12
 solar axions in Nal crystals PLB515(2001)6
« 2b decay in 136X e ROM2F/2001/26
« 2b decay in 134X e PLB527(2002)182
b and 2b decays in *8Ca NPA705 (2002)29
*Q-balls search EPJdirect C14(2002)1




LXe set-up

Detailson: NIM A 482 (2002) 728
» Detector specifically studied for low
radioactive experiment

e ~6.5kg LXe(» 2| volume)

» Kr-free Xenon gasenriched in1Xeat |
99.5% or, dternatively, in 136X e at 68.8%

e Inner vessel: OFHC low-radioactivity -. ,
Copper £ 100 nBg/kg of U/Th and A e
£ 310 nBg/kg of K.

 Three PMTs (Electron Tubes) withMgF, ¢
windows; quantum efficiency (118-32% g8
@ 175 nm
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» Windowsiin cultured crystal quartz (LXe
UV light trasmission » 80%)

» Low background shield: Cu in and outside
the vacuum cell; 15 cm Pb; n-shield.
Radon removal system: sealed plexiglas

box.
vacuum/filling/purification/recovery line
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chieved results: elastic
scattering WIM P-12Xe; PSD;
inelastic scattering WM P-12X e, o Do Doowcsronsns @z
cnar ge non-conser ving processes, nucleon and
di-nucleon stability (new approach); search for : _
bb decay in 136Xe and in 1Xe; measurement of [T€eXeenrichedin °Xe
guenching factor at ENEA neutron gener ator

Now running with Kr -
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The detector'é

Il N. Cim.A112(1999)545
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The data released so far for the
annual modulation search

PERIOD STATISTICS REFERENCES |
! Sl case
(kg c) e
3363.8 winter
DAMA/Nal-1 ar PLB424(1998)195
1185.2 summer
14962 PLB450(1999)440 »/
DAMA/Nal-2 | ~November +
to end of July PRD61(1999)023512
- p——
22455 ex enspn_or
DAMA/Nal-3 | ~middie August | PLB480(2000) 23 o uaioniioe
to end September —
16020 rotation
DAMA/Nal-4 | ~middle October idem
to second half
August
Sl + SD case
TOTAL - +K/Invest. on syst.
STATISTICS 57986 PL B509(2001) 197 ::;':Sn:'g dCeTze
EPJ C18 (2000)283
EPJ C 23 (2002)61 /
PRD66(2002)043503
+ DAMA/Nal-0 limits on recoil

(properly included
in the cumulative
result)

fraction by PSD

PLB389(1996) 757
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POSSIBLE SYSTEMATICS ? NO

Eur. Phys. J. C18 (2000), 283

RADON Sealed Cu box in HP <0.2% S_°Ps
Nitrogen atmosphere

TEMPERATURE Theinstallationisair- <0.5% S_°°s
conditioned

NOI SE Effective noise <1% S_c°bs
rejection

ENERGY SCALE Periodical calibrations <1% S_°°s
continuous monitoring
of 21°Pb peak

EFFICIENCIES Regularly measured by <1% S_c°°s
dedicated calibrations

BACKGROUND No modulation found <0.5% S _°°s
in energy regions above
okeV

SIDE REACTIONS Muon flux modulation  <0.3% S_°P°s
by MACRO

#

+ even if larger they cannot satisfy all the
6 requirements of annual modulation signature

t

Thus, they can not mimic the observed annual
modulation effect




Can a possible thermal neutron
modulation account for the

observed effect?

Ex.: 2Na(n,9%*Na; Na(n,g)**"Na
capturerate = F s N; = 0.17 capturesd/kg F /(10 n cm? s1)

14" 10" %cpd /kg / keV / 106 L O o0 |-
8 CM'Sg -

700 |
600 |-
so0 |- MC

400 [

00 |-

200 [~

107 cpd/kg/keV/g.FLO6 n o—bﬁv*‘-*ujj L._l«r.ﬁ. e
T

cm’ S@ 5 S : .

Thermal neutron flux @ LNGS:
F, =108 10°%n cm=2s?(N.Cim.A101(1989),959)
F,<5910%ncm=2s?(inthe DAMA set-up from delayed
coincidences see N.Cim.A112(1999),545)
Assuming - very cautiously - a 10% thermal neutron modulation:

3

S, (themd n) < 105 cpd/kg/keV (< 0.05% S observed)

NO

In all the cases of neutron captures (**Na, %9, ...) a possible ther mal
n modulation induces a variation in all the energy spectrum
Excluded by Ry, analysis




S|apow a21ted uiyim uosedwod

(uswiiadxa yoea jo [ea1dA)) 01
slo1owered [ejuawnadxa (g's* 1 :ose9 [ensn ay) ul)

S J0]10B} W JoJay) Jo sislpwe ed

SJ0)0BJ WI0) s pue IS
s10|d uoisnj|oxa

ayl os|e 1ng uoibs
uolle|npow [enuue ayl
AJuo 10U 109}Je ued Aay |

SUO1193S SS0 19 U0 sme| Buleas
rfglIse Ul ‘paxiw ‘ags ‘IS sbuljdnod
(™A pue °A isseo [ensnayi ul) () josIelBwe red

A)} ruonnglasip AYDORA dINITM

M

:suosiedwod pue
S|apow uo Ssaljulellasun

Nd

S) JoMawe 1} ppowWw UBAID uIylim paw Jojsed
9(q 01SkeySisApeue uolep 1100 awll pue AL JBuUs aA1138)J8 Ue ‘Blepipued 4 A M
9|gissod ayj Jo Jo1rew Areulp o yiim buijdnod pue ainieu ayl arebiisaaul o |



Example on 27| nucleus:

s=0.8fm
r=1.0AY3fm
ro=4.7fm

S
r

— Standard:

"o

=1fm
=1.2 AY3fm
= (r2-55?)Y2 = 5602 fm

|
100 250

Er (kalv)

S| form factor
(from Helm et al.)

single particle
0.750
0.306
0.750
0.150
0.750

0.750

odd group
0.063
0.065
0.124
0.055
0.750
0.647
0.041
0.087
0.021

from Ressd et al.

[ \\ b -20%] Niimc:_ge]n
otentia
.| "'\\ S \ P
E \R_H_“-u N =

0.103
0.229 or 0.177

account the structure of target nuclei

D form factor: no decoupling between
uclear and WIMP degrees of freedom;
pendence on nuclear potential.

\ b -20%I

—— 1
g-0; a,=0,a,7 0

\

e —————

Nijmegen Il B
Nijmegen

potential

e

Bonn-A
potential

PR B PR |

i i
150 T

=

SD form factor
(from Ressel et al.)

p2a,t0a,=0

Nijmegen |1

e S,

-‘-\-\-"‘—\-..__
Bonn-A

potential




15t M odel Framework (improved with time)

«X=r,/(0.3 GeV cm~) PL B480(2000) 23
 isothermal, maxwellian WIMP s )0°) 023522
velocity distribution iy~ °0(1999) 448
PLB424(1998) 195
*V,=220 km/sand v__= 650 km/s
then accounting for v, and v___ uncertainties
e only Sl
*S U A2
e Helm SI form factor withr = 1.2 AY3fm, s= 1fm
» parameters at fixed values
* physical constraints: m, > 30 GeV
then accounting for limit on recoilsfrom PSD

SN Ea ) Vo= (220 %50) km/s (90% C.L.)
(V=(550£100)km/s (90% C.L.) - negligible effect)

30 GeV £m,, £ 105 GeV (1S C.L.)

—]
including possible Dark halo rotation

30 GeV £m,, £ 132 GeV (1s C.L.)

B - Y m,, (GeV) XS _(pb)
167 - e (km/s)| " k

: 170 | 7278 |(5.7£1.1)X0°®
o7 | . | 220 |4372, |(5.4%1.0)40°

20 100G 200

+8 +1.2 -6
m,, (Gev) L270_1382%; (672,10

[
I
[ ]

Here other parameters, etc. at fixed values + assumptions®
larger allowed region

Furthermore: investigation of the effect of halo models,
WIMP velocity distributions, uncertainties associated to all
experimental and theoretical parameters.

seelater + comment on FF

™ in PL B480(2000)23 + etc.



Consistent halo models

| nterest on approaches different from the isothermal sphere
model: Belli et al. PRD61(2000)023512; Vergados PR83(1998)3597, PRD62

(2000)023519; Ullio & Kamionkowski JHEP03(2001)049; Green
PRD63(2001) 043005, Vergados & Owen astro-ph/0203293.

Quantitative approach on DAMA/Nal 0-4 data:
e purely Sl coupling

e for the other assumptions see before
Belli,Cerulli,Fornengo,Scopel PRD66(2002)043503

Class A: Spherical pyy, . isotropic velocity dispersion

Al Isothermal sphere

Al Evans’ logarithmic [15] R.=5 kpe

A2 Evans’ power-law [16] R.=16 kpc, B=0.7

A3 Evans’ power-law [16] R.=2 kpe, B=—0.1

Ad Jaffe [14] a=1b=4 g=2 a=160kpc
A5 NFW [18] a=1b=39g=1 a=20kpc
A6 Moore et al. [19] a=1.5b=39g=1.5 a=28kpc
A7 Kravtsov et al. [20] a=2b=3g=0.4 a=10kpc

Class B: Spherical ppy, non-isotropic velocity dispersion (Osipkov-Merrit, 8,=0.4)

Bl Evans’ logarithmic R.=5 kpc

B2 Evans’ power-law R.=16 kpc, B=0.7

B3 Evans’ power-law R.=2 kpe, B=-0.1
B4 Jaffe a=1b=49g=2 a=160kpc
B3 NFW a=1b=3g=1 a=20kpc
B6 Moore ef al. a=1.5b=3g=1.5 a=28kpc
B7 Kravtsov et al. a=2b=39g=0.4 a=10kpc

Class C: Axisymmetric pyy

Cl Evans’ logarithmic R.=0, g= [,.I\E

C2 Evans’ logarithmic R.=3 kpe, g= 1/42

C3 Evans’ power-law R.=16 kpe, ¢=0.95, =09
C4 Evans’ power-law R,=2 kpc, g=1/4/2, B=—0.1

Class D: Triaxial pyy [17] (q=0.8,p=0.9)

DIl Earth on major axis, radial anisotropy o=—1.78
D2 Earth on major axis, tangential anis. o=16
D3 Earth on intermediate axis, radial anis. o=—1.78
D4 Earth on intermediate axis, tangential anis. o=16




Summary of the results

*3-S modulation regions of all the models considered in the analysis
plotted jointly

£ a (mhar )

1M} Lo 104
iy, (L) my, {Ge¥)

P |
1

| LI

*Convolution of all the regions allowed obtained considering non-
rotating models. The region is compared with the 3-S annual
modulation region allowed by the DAMA experiment for an
isothermal sphere halo with vy=220 km/s

DAMA annual 107 prrrr e P
modulation region for :

an isother mal sphere
halo with vy=220 km/s

Convolution of all
regionsallowed for

non rotating models 3sC.L. s
10-11-....|....|....|....|....|....
O 50 100 150 200 250 300
m,, (GeV)

Allowed region:
e upto m,, @270 GeV
few” 10'%nbarn <xs,<2° 10°nbarn

If uncertainties on the parameters in the
model-dependent analysis are considered,
the allowed region is further enlarged



...and theories

effM SSM Bottino et al.

R i, L P l....,.o_

nuSUGRA

DL s i

pri=t=l [nbarn|
E OB B s

- %+
= ﬂxl"' > 005

scatter plots do not represent the density of probability - - = ces

— — Arnowitt, Cosmo01
. /"‘H&ﬁa@_“‘g «NUSUGRA: tanb>15 b
c: a compatibility with DAMA
P f“‘u/ ) . *SUGRA: tanb>50 b

E g, possible compatibility with

> -1 DAMA (strongly

VT ome e = dependence on m, and m,)

myp {GeV)

unoz, Cosmo01

Supergravity
&
Superstrings

m, [Ge\n’ilw
tanb>5 b compatibility with DAMA

+ halo modeling uncertainties + FF, et
® extend the allowed region
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3'd Model Framework:

MPs with “preferred” inelastic scattering
EPJC23(2002)61
‘*Model suggested by D. Smith and N. Weiner, PRD64(2001)043502

*Two statesC, , C. with d mass splitting WIMP

sKinematical constraint for theinelastic scattering of C on a nucleus
with mass m becomes increasingly severe for low m

Ex. m =100 GeV
1 2 ~ 2d my m
Em/SdU V3V = — 70 41
1 130 57

Energy-Time correlation analysis of the DAMA events
gives an allowed volumein the space (m,,, xs , d)

Model framework: accounting for v, and v__ uncertainties

(V;=170-270 km/s; v =450-650 km/S) and for limit on recoils from

PSD (DAMA/Nal-0) + for uncertainty on FF parameters
Example of slices for

:St ' II: II =10 : II IIII
= Sl v given m,,
By ; a0l / .
< - f/ - D1 L. L best fit values
| s o R L When v,=170 km/s:
d (keV) d (K V) )
- » 2
g 11 ) l‘"-.\ 3 r ./-“_“h- Xsp—2.5 10 pb
~ Y o2 F %
AL / y LN A and d=115 keV
@ 4 4 S E / i
X . V. 5 Wig *E - B
o A Ma= 110 GeV X -S| il M= 300 Gey II) when V0=220 km/s
= — —Ef
o0 el %0 oo 700 XS, =6.3 10 pb
dkev) & d (keV) P
= Q10,8 and d=122 keV
&6 T o PN + proper inclusion of
g > Eo T e uncertainties will
’ =100 Gey 0155 S enlarge the allowed

" 700 ;o O oo Tk oo .. regions and move th
best values
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